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57 ABSTRACT 
A semiconductor chip (14) is bonded to a substrate (16) 
by a metallic molecular bond interface (28, 38, 30). The 
chip and the substrate are separated by a gap (18), and 
a metal-bearing gas is introduced in the gap. A thermal 
energy source (22) directs a focused energy beam (24) 
into the gap to thermally decompose the gas by chemi 
cal vapor reaction to deposit and grow metal to provide 
a metallic molecular bond interface filling the gap and 
bonding the chip to the substrate. In the preferred em 
bodiment, one of the chip and substrate has a passband 
passing the wavelength of the focused beam to be trans 
parent thereto such that the beam passes therethrough 
and into the gap and against the other of the chip and 
the substrate. 

10 Claims, 2 Drawing Sheets 
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LOW TEMPERATURE SEMCONDUCTOR 
BONDING PROCESS WITH CHEMICAL VAPOR 

REACTION 

BACKGROUND AND SUMMARY 
The invention relates to semiconductor processing 

methods, and more particularly to a low temperature 
process. 
The invention provides reliable, uniforn, repeatable 

and void-free semiconductor bonding using a low tem 
perature process. The invention achieves molecular 
bonding of two closely spaced surfaces through a chem 
ical vapor reaction that results in the deposition and 
growth of a metallic element to provide the bonding. 
The molecular bonding is achieved without the need of 
any fluxes or undesirable high temperatures otherwise 
required by present methodologies. In addition, the 
invention eliminates contamination of devices and cir 
cuits, is cost effective, and provides high yield. 

It is known in the prior art to use chemical vapor 
deposition to define metal lines on a surface: "Laser 
Direct-Writing Processes: Metal Deposition, Etching, 
and Applications to Microcircuits", Jerry G. Black et 
al, J. Vac. Sci. Technol. B 5(1), Jan/Feb 1987, pages 
419-422; "On The Applications of Laser-Direct-Writ 
ing Techniques, To GaAs Monolithic Microwave Inte 
grated Circuits', C. L. Chen et al, GaAs IC Sympo 
sium, IEEE 1987, pages 167-170; "Selective Electroless 
Metal Deposition for Integrated Circuit Fabrication", 
Chiu H. Ting et al., J. Electrochem. Soc., Vol. 136, No. 
2, February 1989, pages 456-462. The present invention 
enables use of this technology to provide a metallic 
molecular bond interface bonding a semiconductor chip 
to a substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a semiconductor processing tech 
nique in accordance with the invention. 

FIG. 2 shows a further embodiment. 
FIG. 3 shows the resultant molecular bond in accor 

dance with the invention. 

DETALED DESCRIPTION 

FIG. 1 shows a processing chamber 10 having a port 
12 for introducing gas. Semiconductor chip 14 is sepa 
rated from substrate 16 by a 5 to 100 micron gap 18. A 
metal-bearing gas is introduced from gas source 20 into 
chamber 10, including in gap 18 between semiconduc 
tor chip 14 and substrate 16. A scanning laser 22 has a 
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focused energy beam 24 directed through window 26. 
into chamber 10 and into gap 18 to thermally decom 
pose the metal-bearing gas by chemical vapor reaction 
to deposit and grow metal to provide a metallic molecu 
lar bond interface 28 filling gap 18 and bonding chip 14 
to substrate 16. 
The method is conducted substantially at room tem 

perature except at the localized interface 28 impinged 
by beam 24 and which is locally heated thereby to a 
temperature up to about 200 C. Thermal energy source 
22 may alternatively be an x-ray source, an ion beam 
source, or an electron beam source. Deposition and 
growth of the metallic element is initiated at the center 
of chip 14, and beam 24 is then scanned across the sur 
face of the chip to provide a wide area molecular bond 
interface 30, FIG. 3, bonding chip 14 to substrate 16 
over a wide area. Beam 24 has a given wavelength, and 
substrate 16 has a passband passing such wavelength 
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such that substrate 16 is optically transparent to such 
beam. 
Beam 24 is directed through substrate 16 and into gap 

18 and preferably substantially perpendicularly against 
the surface of chip 14. Alternatively, chip 14 can have a 
passband passing beam 24 therethrough against sub 
strate 16. Silicon and gallium arsenide have passbands in 
the range of 1-6 microns, and hence energy source 22 is 
selected accordingly. For example, in one embodiment 
an argon scanning laser is used. Other substrate materi 
als include Al2O3 and AlN. 

FIG. 2 shows a preferred embodiment, and uses like 
reference numerals from FIG. 1 where appropriate to 
facilitate understanding. One or both of semiconductor 
chip 14 and substrate 16 is provided with a silicon sur 
face as shown at 32 and 34, if the respective material is 
not already silicon. WF6 gas is introduced from source 
36 into chamber 10, including in gap 18. Laser beam 24 
is directed through window 26 and through optically 
transparent substrate 16 and into gap 18 against chip 14 
to initiate by localized heating the chemical vapor reac 
tion 

to deposit and grow tungsten to provide a tungsten 
molecular bond interface 38 filling gap 18 and bonding 
chip 14 to substrate 16. Beam 24 is scanned across chip 
14 to provide a wide area molecular bond interface as 
shown at 30 in FIG. 3. Other metals for the molecular 
bond interface may be selected from the group consist 
ing of Ni, Pd, Ag, Cu, Au, and Co. 

It is recognized that various equivalents, alternatives 
and modifications are possible within the scope of the 
appended claims. 
We claim: 
1. A method for bonding a semiconductor chip to a 

substrate, comprising: 
providing a semiconductor chip; 
providing a substrate; 
separating said chip and said substrate by a gap; 
introducing a metal-bearing gas in said gap; 
providing a thermal energy source having a focused 

energy beam; 
directing said beam into said gap to thermally decom 

pose said gas by chemical vapor reaction to deposit 
and grow metal to provide a metallic molecular 
bond interface filling said gap and bonding said 
chip to said substrate. 

2. The invention according to claim 1 comprising 
conducting said method substantially at room tempera 
ture except at the localized interface impinged by said 
beam which is locally heated thereby to a temperature 
less than about 200' C. 

3. The invention according to claim 1 wherein said 
gap is 5 to 100 microns. 

4. The invention according to claim 1 comprising 
providing a scanning said source, and scanning said 
focused beam to provide a wide area molecular bond 
interface bonding said chip to said substrate over a wide 
Tea, 

5. The invention according to claim 1 wherein said 
focused beam has a wavelength, and wherein one of 
said chip and said substrate has a passband passing said 
wavelength such that said one of said chip and said 
substrate is transparent to said beam, and comprising 
directing said beam through said one of said chip and 
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said substrate and into said gap and against the other of 
said chip and said substrate. 

6. The invention according to claim 5 comprising 
directing said beam substantially perpendicularly 
against said other of said chip and said substrate. 

7. The invention according to claim 5 wherein said 
substrate is transparent to said beam, and comprising 
directing said beam through said substrate and into said 
gap and against said chip. 

8. The invention according to claim 1 wherein said 
metal is selected from the group consisting of W, Ni, 
Pd, Ag, Cu, Au, and Co. 

9. The invention according to claim 1 wherein said 
source is selected from the group consisting of a laser, 
an x-ray source, an ion beam source, and an electron 
beam source. 
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4. 
10. A method for bonding a semiconductor chip to a 

substrate, comprising: 
providing a semiconductor chip; 
providing a substrate; 
separating said chip and said substrate by a gap, at 

least one of said chip and said substrate having a 
silicon surface facing the other of said chip and said 
substrate across said gap; 

introducing WF6 gas in said gap; 
providing a thermal energy source having a focused 
energy beam; 

directing said beam into said gap to thermally initiate 
by localized heating the chemical vapor reaction 

to deposit and grow tungsten to provide a tungsten 
molecular bond interface filling said gap and bonding 
said chip to said substrate. 


